Abstract Nitric oxide (NO) is an important plant signaling molecule that has a vital role in abiotic stress tolerance. In the present study, we assessed drought-induced (15 and 30% PEG, polyethylene glycol) damage in wheat (Triticum aestivum L. cv. Prodip) seedlings and mitigation by the synergistic effect of exogenous Arg (0.5 mM L-Arginine) and an NO donor (0.5 mM sodium nitroprusside, SNP). Drought stress sharply decreased the leaf relative water content (RWC) but markedly increased the proline (Pro) content in wheat seedlings. Drought stress caused overproduction of reactive oxygen species (ROS) and methylglyoxal (MG) due to the inefficiency of antioxidant enzymes, the glyoxalase system, and the ascorbate-glutathione pool. However, supplementation with the NO donor and Arg enhanced the antioxidant defense system (both non-enzymatic and enzymatic components) in drought-stressed seedlings. Application of the NO donor and Arg also enhanced the glyoxalase system and reduced the MG content by increasing the activities of the glyoxalase system enzymes (Gly I and Gly II), which restored the leaf RWC and further increased the Pro content under drought stress conditions. Exogenous NO donor and Arg application enhanced the endogenous NO content, which positively regulated the antioxidant system and reduced ROS production. Thus, the present study reveals the crucial roles of Arg and NO in enhancing drought stress tolerance in wheat seedlings by upgrading their water status and reducing oxidative stress and MG toxicity.
Introduction
Drought stress is responsible for water scarcity in plants, the primary effect of which is a decrease in the tissue water content (Kirkham 2005) . Such a decrease in water content severely hampers growth, water uptake, nutrient uptake and mobilization, photosynthesis, transpiration, and assimilate translocation (Kocheva et al. 2009; Belkheiri and Mulas 2013; Hasanuzzaman et al. 2014 ). Oxidative stress is a primary outcome of drought, and overproduction of reactive oxygen species (ROS), such as superoxide anion (O 2 Á-), hydroxyl radical ( Á OH), hydrogen peroxide (H 2 O 2 ) and singlet oxygen ( 1 O 2 ), cause photoinhibition and oxidative damage to lipids, proteins, and nucleic acids and disrupts enzyme activity, leading to cell death (Gill and Tuteja 2010; Hasanuzzaman et al. 2012) . The antioxidant defense system of plants scavenges ROS to maintain a state of balance under non-stress conditions and involves antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), monodehydroascorbate reductase (MDHAR), dehydroascorbate reductase (DHAR), glutathione reductase (GR), glutathione peroxidase (GPX), and glutathione S-transferase (GST). These enzymes function in tandem with certain non-enzymatic antioxidants such as ascorbate (AsA), glutathione (GSH), and a-tocopherols to scavenge ROS and alleviate oxidative stress (Hasanuzzaman et al. 2012) .
Production of methylglyoxal (MG) is another spontaneous and inevitable by product of the glycolysis pathway; MG is overproduced under environmental stress and has toxic effects on cell components. The glyoxalase system scavenges MG to maintain a balance (Yadav et al. 2005) . Utilizing GSH, glyoxalase I (Gly I) converts MG to S-Dlactoylglutathione, and glyoxalase II (Gly II) converts S-Dlactoylglutathione to D-lactic acid. Detoxification of both ROS and MG is considered a strategy for stress tolerance in plants (Yadav et al. 2008; Hasanuzzaman et al. 2012; Rahman et al. 2016a, b) .
Nitric oxide (NO) is a highly diffusible gaseous reactive free radical that can permeate through cell membranes. By enhancing expression of antioxidant genes (Hao and Zhang 2010) and activating antioxidant enzymes (Hao and Zhang 2010; Hasanuzzaman et al. 2010; 2018a, b) , NO directly enhances ROS scavenging to avoid oxidative damage. NO is also considered to act as a phytohormone, serving as a signal in hormonal and defense responses such as stomatal closure, root development, apoptosis and stress responses (Freschi 2013; Oz et al. 2015) . NO regulates both the life processes of plants as well as environmental stress tolerance. In several plant species, NO regulates programmed cell death (PCD), salinity, drought, high and low-temperature stresses, and metal toxicity-induced responses (Wendehenne et al. 2005) . Overall, NO has a signaling function and is a potent antioxidant, whereby the signaling function of NO activates redox-and defense-related gene expression in the stress signaling and tolerance cascade (Polverari et al. 2003; Sung and Hong 2010) . Previous studies have demonstrated that exogenous NO application confers stress tolerance by enhancing antioxidant defense mechanisms (Neill et al. 2002a, b; Wang and Yang 2005; Sheokand et al. 2008; Zheng et al. 2009; Singh et al. 2009; Xu et al. 2010; Hasanuzzaman et al. 2010; 2018a, b) .
Arginine (Arg) is the immediate precursor of NO, urea, amino acid, ornithine, and agmatine (Winter et al. 2015) and is also the precursor of creatine, polyamines (PAs), and glutamate (Tapiero et al. 2002) . Thus, Arg might play crucial roles in stress recovery, as it is the most versatile amino acid linked to the biosynthesis of signaling molecules. Arginine has important roles in nitrogen metabolism in germinating seeds and in developing seedlings (Todd et al. 2001) , and the roles of Arg have been demonstrated in both animals and fungi (Freedland et al. 1984; Yu and Weiss 1992) . However, only a few reports to date highlight its mechanisms and role in development and stress tolerance in plants. Because Arg is a source of enzymatic NO synthesis, we speculated that it may have a function similar to that of NO. Moreover, exogenous Arg-induced regulation of endogenous NO and proline (Pro) levels and their coordinated action in drought stress tolerance is yet to be explored. Therefore, we examined the effects of an NO donor and Arg in improving the defense system and other physiological parameters of wheat plants under conditions of drought stress.
Materials and methods

Plant species and experimental conditions
Wheat (Triticum aestivum L. cv. Pradip) seeds were sterilized for 10 min with 70% ethanol and thoroughly washed with distilled water. The seeds were then imbibed with distilled water for 10 min and germinated on six layers of filter paper in Petri plates (9 cm) in a dark germination chamber for 48 h. Germinated seedlings were transferred to a growth chamber (300 lmol photons m -2 s -1 , 25 ± 2°C and relative humidity of 65-70%) after threedays. Hyponex (Hyponex, Japan) diluted 10,000-fold was provided as a source of nutrients. Seven-day-old wheat seedlings at the 4-leaf stage (from sowing) were treated with 0.5 mM sodium nitroprusside (Wako, Japan). SNP was used as an NO donor, and Arg (0.5 mM L-Arginine) was applied alone and as co-treatment with two different levels of drought stress. In this experiment, 15 and 30%, of polyethylene glycol (PEG) solution were considered as mild and severe drought stresses, respectively. Plants grown with the Hyponex solution were used as control plants. Fresh leaves from 9-day-old seedlings were sampled to assess various physiological and biochemical parameters after two days of treatment.
Determination of chl content
For chlorophyll (chl) content determination, fresh leaves were homogenized in 20 volumes of acetone (80% w/v), followed by centrifugation at 50009g for 10 min. Absorbance was measured with a UV-visible spectrophotometer at 663 and 645 nm and chl contents were calculated using the equations proposed by Arnon (1949) .
Estimation of proline content
Proline levels in leaves were determined according to the method of Bates et al. (1973) . After homogenization with 3% sulphosalicylic acid, the supernatant was added to ninhydrin with glacial acetic acid and phosphoric acid. After subsequent boiling and cooling, toluene was added, and the sample was vortexed thoroughly. The upper chromophore layer bearing toluene was assessed at 520 nm using a UV-visible spectrophotometer, and the Pro content was calculated against a standard curve.
Determination of the leaf relative water content (RWC)
The fresh weight (FW) of leaves was recorded. The turgid weight (TW) was recorded when leaves became turgid after being dipped in water, and the dry weight (DW) of leaves was measured after oven drying. RWC was calculated using the following formula: RWC (%) = [(FW -DW)/(TW -DW)] 9 100 (Barrs and Weatherley 1962 . To determine H 2 O 2 levels, leaves were homogenized in potassium phosphate buffer (pH 6.5) and centrifuged at 11,5009g. The supernatant was mixed with a reaction mixture (TiCl 4 in 20% H 2 SO 4 , v/v); after 10 min, the mixture was centrifuged, and absorbance was measured at 410 nm using a UV-visible spectrophotometer (Yu et al. 2003) . The generation rate of O 2 Á-was detected by homogenizing leaves in K-P buffer followed by centrifugation at 50009g. After 10 min, extraction buffer and the hydroxylamine hydrochloride were added to the supernatant for incubation, mixed with sulfanilamide and naphthylamine and then assessed at 530 nm using a UVvisible spectrophotometer (Hasanuzzaman et al. 2011; Nahar et al. 2016a ).
Detection of hydrogen peroxide and superoxide contents H 2 O 2 and O 2 Á-were detected through histochemical staining of leaves with 1% 3,3-diaminobenzidine (DAB) and 0.1% nitroblue tetrazolium chloride (NBT) solutions, respectively (Chen et al. 2010 ).
Extraction and measurement of ascorbate and glutathione contents
Leaves (0.5 g) were first homogenized in meta-phosphoric acid (5%) containing 1 mM ethylenediaminetetraacetic acid (EDTA). After centrifugation at 11,5009g, the supernatant was used to assay ascorbate and glutathione levels. The level of AsA was estimated following the technique of Nahar et al. (2016a) . To determine total ascorbate, the oxidized fraction was reduced by adding 0.1 M dithiothreitol, and absorbance was measured at 265 nm (using 1 unit ascorbate oxidase, AO). The oxidized form of AsA, the dehydroascorbate (DHA) content, was calculated by subtracting reduced AsA from the total amount of AsA. The glutathione pool was assayed according to previously described procedures (Yu et al. 2003; Nahar et al. 2016a ) using a standard curve for GSH and GSSG with a known concentration. The GSH content was calculated by subtracting GSSG from total GSH.
Enzymes assays
The protein concentration of each sample was first determined according to Bradford (1976) . A 0.5 g of leaves from each treatment were homogenized (in 50 mM K-P, pH 7.0 with 100 mM KCl, 1 mM AsA, 5 mM b-mercaptoethanol, and 10% glycerol). The samples were centrifuged at 11,5009g, and the supernatants were collected. If the supernatant was not clear, the samples were centrifuged again; clear supernatants were used for further procedures. The activities of following enzymes were determined according to the procedure of Hasanuzzaman et al. (2011) and Nahar et al. (2016a) or the studies cited therein: lipoxygenase (LOX; EC 1.13.11.12), APX (EC: 1.11.1.11); MDHAR (EC: 1.6.5.4); DHAR (EC: 1.8.5.1), GR (EC: 1.6.4.2), SOD (EC 1.15.1.1); CAT (EC: 1.11.1.6); GPX (EC: 1.11.1.9); GST (EC: 2.5.1.18); Gly I (EC: 4.4.1.5) and Gly II (EC: 3.1.2.6).
Methylglyoxal contents
Leaves were thoroughly homogenized in 5% perchloric acid followed by centrifugation at 11,0009g. The obtained supernatant was decolorized and neutralized. Sodium dihydrogen phosphate and N-acetyl-L-cysteine were added to the neutralized solution, for a final volume of 1 mL. After 10 min, the product N-a-acetyl-S-(1-hydroxy-2-oxoprop-1-yl) cysteine was spectrophotometrically assessed at 288 nm (Wild et al. 2012 ).
Statistical analysis
Data were subjected to analysis of variance (ANOVA). Mean differences were compared following Tukey's honest significance test (HSD) using the XLSTAT v. 18.07 software (Addinsoft 2016). Differences at P B 0.05 were considered significant.
Results
Chlorophyll contents
Although 15% PEG did not significantly reduce the chl a content, the content decreased by 38% compared to control when grown under the effects of 30% PEG (Table 1 ). In contrast, the chl b content was reduced by both 15 and 30% PEG, at 22 and 33%, respectively, lower than the control. As a result, the chl (a ? b) content also decreased by 17 and 36% at 15 and 30% PEG, respectively, though the chl a/b ratio was unaffected. Importantly, application of the NO donor or Arg resulted in significant enhancement in chl a, chl b and chl (a ? b) contents, especially under severe drought (Table 1) .
Proline contents
Drought stress at any level markedly elevated the Pro content in leaves, which was 95 and 65% at 15 and 30% PEG, respectively, compared with the control (Fig. 1a) . NO or Arg alone did not affect the Pro content significantly; however, the putative effect of exogenous NO and Arg was demonstrated from the further increase in Pro levels in PEG-induced drought-affected seedlings compared with drought stress alone (Fig. 1a) .
Leaf relative water content
Leaf RWC of wheat seedlings decreased by 20 and 33% under mild and severe drought stresses, respectively, compared with control seedlings (Fig. 1b) . Nitric oxide and Arg supplementation alleviated these effects of drought stress and restored leaf RWC under both mild and severe drought stresses.
Oxidative stress indicators
Drought stress at any level increased the membrane lipid peroxidation, as indicated by high MDA contents in droughtstressed wheat seedlings compared with the control (Fig. 2a) . Similarly, the activity of LOX increased significantly in drought-exposed wheat seedlings compared with control seedlings (Fig. 2b) . Compared with the control, Hydrogen peroxide contents increased by 55 and 97% in response to drought stress induced by 15 and 30% PEG, respectively (Fig. 2c) . In addition, an increase in the O 2 Á-generation rate of 96 and 274% was observed with mild and severe drought stresses, respectively, compared with the control (Fig. 2d) . Exogenous NO or Arg application in drought-affected wheat seedlings decreased the activity of LOX, the H 2 O 2 content, the O 2 Á-generation rate and the MDA content compared with drought-affected seedlings without the protectant applied.
Histochemical detection of ROS
DAB and NBT staining revealed drought-induced over production of H 2 O 2 and O 2 Á-in wheat leaves (indicated as dark brown patches and dark blue spots, respectively). The beneficial effects of SNP and Arg were reflected in the reduction of H 2 O 2 brown patches and O 2 Á-blue spots in drought-affected wheat leaves (Fig. 2e, f) .
Ascorbate and glutathione pools
The level of AsA decreased but that of DHA increased notably in response to drought stress induced by 15 and 30% PEG, which subsequently lowered the of AsA/DHA ratio by 46 and 150%, respectively, compared with the control (Fig. 3a-c) . Mild and severe drought stresses increased the GSH content by 21 and 27%, increased the GSSG content by 35 and 51% but decreased the GSH/ GSSG ratio by 17 and 38%, respectively, compared with the control (Fig. 3d-f) . In contrast to drought stress alone, SNP or Arg supplementation increased AsA and GSH contents, decreased DHA and GSSG contents and increased the ratios of AsA/DHA and GSH/GSSG in the drought-affected seedlings. 
Activities of antioxidant enzymes
Drought stress enhanced APX, MDHAR and GR activities but decreased that of DHAR compared with the control (Fig. 4a-d) . Application of SNP or Arg further enhanced APX, MDHAR, DHAR, and GR activities in drought-affected wheat seedlings compared with drought stress alone. SOD activity increased under drought stress compared with the control (Fig. 5a) ; however, its activity was reduced when drought-affected seedlings were supplemented with SNP or Arg compared with drought stress alone. Compared with the control, CAT activity decreased at both levels of drought stress (Fig. 5b) . Supplementation with SNP and Arg restored and increased CAT activity in drought-stressed wheat seedlings compared with drought stress alone. Drought stress did not change the GPX activity compared with the control (Fig. 5c) . In contrast to drought stress treatment alone, SNP or Arg addition increased GPX activity in drought-treated wheat seedlings.
The activity of GST did not change under drought stress compared with the control (Fig. 5d) ; however, the addition of SNP or Arg addition did enhance GST activity in drought-treated wheat seedlings.
The glyoxalase system and methylglyoxal levels
Drought stress increased Gly I activity compared with the control (Fig. 6a ) and the addition of SNP or Arg further increased its activity in drought stress treatments. The activity of Gly II increased at both 15 and 30% PEG-induced drought stresses compared with the control (Fig. 6b) . Glyoxalase II activity also increased in SNP or Arg-supplemented drought-affected seedlings compared with drought stress alone. The MG content increased by 26 and 67% under exposure to mild and severe drought stresses, respectively, compared with the control (Fig. 6c) . SNP supplementation decreased the MG content by 19 and 16% in 15 and 30% PEG-induced drought stress, whereas Arg supplementation decreased the MG content by 22 and 14% in seedlings under 15 and 30% PEG-induced drought stress, respectively, compared with drought stress alone.
Nitric oxide content
The endogenous NO content increased slightly after SNP or Arg application without drought stress compared with the control (Fig. 7) . In addition, the NO content showed a slight increase under mild drought stress compared with the control. SNP or Arg supplementation significantly increased the endogenous NO levels in response to both mild and severe drought stresses compared with drought stress alone.
Discussion
One of the major consequences of drought stress is chlorophyll reduction. In our study, severe drought stress reduced both chl a and chl b contents, possibly due to impairment of chl biosynthesis. However, exogenous NO and Arg resulted in an augmented chl content. Nitric oxide-induced improvement in chl biosynthesis has been reported recently (Gan et al. 2015; Hatamzadeh et al. 2015) . Water loss prevention and maintenance of tissue water content is the most important strategy and a prerequisite for drought tolerance (Gonzalez and GonzalezVilar 2001) . Nonetheless, drought tolerance is often associated with osmotic adjustment, and tolerant plants Fig. 6 Wheat leaf glyoxalase system enzyme (Gly I and Gly II) activities and MG content induced by a nitric oxide donor and arginine under drought stress conditions. SNP and Arg indicate 500 lM sodium nitroprusside and 500 lM L-arginine, respectively.
The mean (± SD) was calculated from three replicates for each treatment. Bars with different letters are significantly different at P \ 0.05 according to Tukey's HSD test Fig. 7 Wheat leaf endogenous nitric oxide content induced by nitric oxide donor and arginine under drought stress conditions. Here, SNP and Arg indicate 500 lM sodium nitroprusside and 500 lM Larginine, respectively. The mean (± SD) were calculated from three replicates for each treatment. Bars with different letters are significantly different at P \ 0.05 according to Tukey's HSD test have a better capacity for osmotic adjustment (Zivcak et al. 2009 (Zivcak et al. , 2016 Petrov et al. 2017) . In this study, exogenous NO or Arg treatment prevented water loss and restored leaf RWC in drought-affected wheat seedlings. Proline acts as an osmoprotectant in maintaining and improving the water status of plants. Free Proline as an antioxidant protects against free radical damage by maintaining a cytosolic atmosphere favorable for the production of biomolecules that function in the stress adaptation process ). Supplementation of drought-affected seedlings with SNP or Arg significantly increased the Pro content, which might further influence osmoregulation and water status restoration, increasing the leaf RWC of wheat seedlings. The results of the present study corroborate previous findings for SNP (Arasimowicz-Jelonek et al. 2009 ) and Arg (Nasibi et al. 2013) .
Drought stress inactivates Calvin cycle enzymes, reduces the efficiency of the carboxylation reaction and slows RuBisCO activity and thus, CO 2 fixation; all of these processes cause the ROS overproduction. Increased photorespiration is a common effect of drought, which is also responsible for the overproduction of ROS (Hoekstra et al. 2001; Monakhova and Chernyadev 2002) . In the present study, histochemical staining of leaves was used for detecting H 2 O 2 and O 2 Á-. Enhanced ROS production at the cellular level is indicative of oxidative stress in response to drought stress, and increases in ROS and LOX activities reduces lipid peroxidation in membranes. The pattern of ROS production and damage observed in our study were identical to the results of previous studies Jiang et al. 2013) . SNP or Arg application reduced the ROS content, LOX activity and lipid peroxidation in drought-affected wheat seedlings. NO directly scavenges ROS and can convert O 2 Á-to a less toxic compound (Laspina et al. 2005) . Moreover, NO reacts with lipid alkoxyl (LO) and peroxyl (LOO Á ) radicals to hinder radical-mediated lipid oxidation (Beligni and Lamattina 1999) , and NO-induced modulation of lipid peroxidation by LOX inhibition has been reported (Shi et al. 2007 ). Previous studies have also shown that NO prevents proteins/antioxidant enzymes from damage (Shi et al. 2007; Alcázar et al. 2010 ) and enhances their activities (Hasanuzzaman et al. 2011) . Exogenous SNP reduces oxidative damage in ginger plants under chill stress (Li et al. 2014) , and NO alleviates oxidative effects in cucumber seedlings subjected to drought stress (Arasimowicz-Jelonek et al. 2009 ). In addition, application of Arg significantly decreases H 2 O 2 contents, LOX activity and oxidative stress in nickel stress-induced Hyoscyamus niger (Nasibi et al. 2013) .
Plants possess a group of non-enzymatic and enzymatic antioxidant components for readily scavenging the overproduced ROS. Ascorbate, the most abundant water-soluble non-enzymatic antioxidant, proficiently scavenges O 2 Á-and OH Á (Gill and Tuteja 2010) . The AsA content decreases whereas that of DHA increases in wheat seedlings under drought stress. Ascorbate is oxidized to DHA after scavenging ROS, which decreases the AsA/ DHA ratio under drought exposure, which is indicative of an inefficient defense. In our study, enhanced APX activity in drought-exposed seedlings was correlated with a reduced AsA content (compared with control treatment). Unaltered MDHAR activity and decreased DHAR activity may be responsible for the reduced AsA content of drought-affected seedlings because both MDHAR and DHAR are AsA recycling enzymes (Gill and Tuteja 2010) . Addition of SNP or Arg to drought-stress seedlings enhanced APX, MDHAR and DHAR activities, which restored the AsA level. Similar roles of SNP in enhancing elements of the AsA-GSH cycle have been demonstrated by Hasanuzzaman et al. (2011) . SNP promoted cold-tolerance in ginger seedlings by increasing AsA and GSH contents, AsA/DHA and GSH/GSSG ratios and activities of enzymes (APX, DHAR, MDHAR and GR) in the AsA-GSH cycle (Li et al. 2014) . Exogenous Arg also augmented APX activity in nickel-exposed H. niger, (Nasibi et al. 2013) . GSH is a non-protein, sulfhydryl-bearing antioxidant with an essential role in stress protection, including drought tolerance (Gill and Tuteja 2010; Nahar et al. 2015) . The level of GSSG in this study was markedly increased by drought. The participation of GSH in the ROS scavenging process triggers its conversion to GSSG; thus, GSSG levels increase in the drought exposed seedlings. The activity of GR recycles GSH from GSSG (Gill and Tuteja 2010) and a decrease in GR activity in drought-stressed wheat seedlings is also responsible for reducing the GSH content. Seedlings treated with SNP or Arg showed decreased GSSG levels and increased GR activity and GSH levels under drought stress; after the addition of SNP or Arg, the reduced ratio of GSH/GSSG due to drought (compared to control) increased again compared with drought stress alone. These results are comparable with the findings of previous experiments involving SNP (Li et al. 2014) . However, the role of Arg in regulating these components has rarely been demonstrated.
SOD catalyzes conversion of O 2 Á-to H 2 O 2 (Zhang et al. 2011) , and drought-affected wheat plants showed higher SOD activity, corroborating the findings of a previous study examining other stresses (Zhang et al. 2011) . However, drought affected seedlings treated with SNP or Arg did not exhibit a further increase in SOD activity. The reduced CAT activity in drought-affected seedlings was due to the higher generation of H 2 O 2 beyond scavenging capacity, which significantly increased the H 2 O 2 content (Nahar et al. 2015) . CAT activity was increased in droughtaffected wheat seedlings when these plants were treated with SNP or Arg. CAT activity is related to a reduction in H 2 O 2 content. For example, Nasibi et al. (2013) observed exogenous Arg-induced regulation of CAT activity in H. niger under nickel stress. SNP-induced high CAT activity was previously reported in wheat (Hasanuzzaman et al. 2011) . Hydrogen peroxide is generated in various ways and is scavenged by the activity of CAT and GPX as well as elements of the AsA-GSH cycle. Indeed, the AsA-GSH cycle plays a pivotal role in the ROS scavenging process (Neill et al. 2002a, b) .
Drought-affected wheat seedlings displayed no changes in GPX activities compared with the control, and this phenomenon was correlated with the generation of highlevels of H 2 O 2 , similar to earlier reports (Hu et al. 2009; Hasanuzzaman et al. 2012) . Compared with drought stress alone, SNP or Arg supplementation increased GPX activities in seedlings affected by drought. GPX activity is vital for reducing H 2 O 2 . The exogenous addition of SNP unregulated the activity of GPX in wheat seedlings subjected to salinity (Hasanuzzaman et al. 2011) .
GSTs, which are vital enzymes involved in xenobiotic detoxification, catalyze the conjugation of GSH to various toxic compounds (Gill and Tuteja 2010) . Drought stress increased GST activity in wheat seedlings, and a similar increase was reported previously (Nahar et al. 2015) . A further increase in GST activity due to SNP and Arg addition was observed in drought-affected wheat seedlings, indicating the protective effects of these molecules. Exogenous NO enhances GST activity in salinity-exposed wheat plants (Hasanuzzaman et al. 2011) . Exogenous Arg also increased GST activity in drought-stressed wheat seedlings, suggesting that Arg promotes drought stress.
Similar to other abiotic stresses, the increase in MG content reveals its toxicity in drought-affected plants (Nahar et al. 2015) . In our study, wheat seedlings showed a marked increase in MG content, which increased with enhanced drought intensity. Drought-affected wheat seedlings treated with SNP or Arg exhibited enhanced Gly I and Gly II activities and high GSH levels, which decreased the MG content. Exogenous SNP was found to modulate components of the glyoxalase system in drought-affected mung bean plants to reduce MG toxicity . The exogenous addition of Arg to drought-stressed wheat seedlings enhanced the glyoxalase system components, which played significant roles in reducing MG content.
Although the endogenous NO content did not increase significantly under drought stress compared with the control, the endogenous level of NO did increase significantly in SNP or Arg-treated drought-affected seedlings. It has been reported that SNP application increases the endogenous NO content in many plant species grown under environmental stresses (Groppa et al. 2008; Li et al. 2014) , and endogenous NO production from L-arginine has been reported (Corpas et al. 2006 ). The higher content of endogenous NO might have played important roles in signaling related to the function of antioxidant systems, ROS detoxification and drought stress adaptation, either resistance or tolerance (Polverari et al. 2003; Sung and Hong 2010) .
Conclusion
Based on the results of this study, both NO donor and Arg provided protection against drought-induced oxidative stress. A variety of physiological and biochemical responses, including those to biotic and abiotic stresses, are regulated by NO (Wendehenne et al. 2005) . These biomolecules have biological functions either as signaling molecules and/or antioxidants. The signaling action of NO triggers redox-and defense-related gene expressions (Polverari et al. 2003; Sung and Hong 2010) . However, the induction and enhancement of antioxidant system components, including both non-enzymatic and enzymatic components, by Arg and NO application, have rarely been studied. In particular, there is a scarcity of knowledge regarding the roles of Arg in such contexts. The effect of Arg on PA contents and growth in beans have been studied under salinity stress (Zeid 2009 ). Moreover, the effect of Larginine on growth and chl and mineral contents in apples has been reported (Sotiropoulos et al. 2005) . Arg acts as a precursor for both PAs and NO, and the biosynthetic pathways of PAs and NO are interconnected through the Arg-dependent pathway. Previous studies highlight the interactive signaling roles of Arg, PAs and NO in modulating an array of biological functions related to the growth/ development and the mechanism of stress adaptation, which illustrate new insight into Arg, PAs, and NO research.
